Ferreira, M.I., Barbosa, T.M., Costa, M.J., Neiva, H.P., Vilaça, J., & Marinho, D.A. (2016). Effects of swim training on energetic and performance in women masters' swimmers. J. Hum. Sport Exerc., 11(1), 99-106. The aim of this study was to analyze and compare the changes of performance and energetic profile of female masters swimmers over a season, in three distinct time periods (TP): December (TP1), March (TP2) and June (TP3). Eleven female masters swimmers performed an all-out 200 m freestyle to evaluate the swimmers' energetic adaptations. The 200 m freestyle performance, the total energy expenditure (Etot) and the partial contribution of aerobic energy source (%Aer), partial contribution of anaerobic lactic energy source (%AnL) and partial contribution of anaerobic alactic energy source (%AnAl) contributions were estimated or assessed. Female masters swimmers improved significantly the 200 m freestyle performance over a season. However, a non-significant improvement was found on their energetic profile. Hence, one might speculate that performance improvement might be related to other performance determinants, such as, technical enhancement. Aerobic metabolism was the major contributor for Etot whereas anaerobic alactic was the second major contributor.
INTRODUCTION
In recent years, given the growth in sport participation by masters athletes and the interest that individuals have in healthy sport participation with the advancing of age, there has been an increase in interest in subject related to the enhancement of the performance of those athletes (Ransdell et al., 2009) . The followup of physiological and performance changes over a season provides useful information on the chronic response to training (Costa et al., 2012) . Some literature was found about this topic in male swimmers in elite swimmers (Capelli et al., 1998; Pendergast et al., 2006; Figueiredo et al., 2011; Costa et al., 2012; Sousa et al., 2013) . However, no studies have been conducted, so far, to determine the energetics adaptations to annual training in female masters swimmers. Since performance depends, among others, from energetic profile , the purpose of this study was to assess the effect of several months of training on the energetic profile and performance of female masters swimmers. Female swimmers, aged 26-46 years, were recruited by detailed announcements at a local swimming club. The following inclusion criteria were considered: (i) 25-50 years-old (iii) have a background as swimmer participating in national swimming events; (ii) be engaged in a systematic masters swimming program. The exclusion criteria included: (i) any physical challenge; (ii) musculoskeletal injury, pathology or condition; (iii) pregnancy; (iv) more than 3 consecutive weeks of absence during the follow-up period.
METHODS

Subjects
All subjects gave their written informed consent before participation. The study was approved by the local ethics committee and is in accordance to the Declaration of Helsinki.
Procedures
A 200 m freestyle time trial performed in a 25 m length swimming pool, was used to evaluate the swimmers' energetic adaptations. In addition, elapsed time for 200 m was measured with a stopwatch (S141, Seiko, Tokyo, Japan) by two expert evaluators (ICC=0.98). The oxygen uptake (VO2) was measured with a backward technique immediately after the 200 m trial (K4b 2 , Cosmed, Rome, Italy). The swimmers were instructed to breathing during the last cycle before touching the wall. After finishing the trial, the swimmer leaned on the wall, while an operator fixed a portable mask on his face during all recovery period. No breathing cycle was made until the portable mask was on the swimmer's face. The oxygen uptake (VO2) (in ml⋅kg -1 ⋅min -1 ) reached during the trial was estimated through the backward extrapolation of the oxygen (O2) recovery curve (the mean value in the 6 s after the VO2 detection during the recovery period) (Laffite et al., 2004) . The first measure of VO2 values before the highest VO2 measurement was not considered, because it corresponded to the device adaptation to the sudden change of respiratory cycles and to O2 uptake. The device adaptation never exceeded 2 s (Costa et al., 2010; Laffite et al., 2004) .
Fingertip capillary blood samples were collected before the 200 m and at the 3 rd , 5 th , and 7 th minutes after finishing the trial. Samples were then used to determine blood lactate concentrations (Accusport, Boherinnger Mannheim, Germany). The maximal blood lactate concentration after exercise (Lapeak) was VOLUME 11 | ISSUE 1 | 2016 | 101 considered to be the highest blood lactate concentration in post-exercise condition (Termin & Pendergast, 2000) . The total energy expenditure (Etot, in kJ) was calculated for the 200 m trial, corresponding to the swimmer's maximal effort :
where Aer represents the aerobic contribution (in kJ) based on the total oxygen volume, Anl is the energy derived from lactic acid production (in kJ) and AnAl stands for the energy derived from phosphocreatine (PCr) splitting in the contracting muscles (in kJ). The total oxygen volume consumed during the 200 m was estimated as:
where VO2net (in ml⋅kg -1 ⋅min -1 ) is the difference between the oxygen uptake measured during exercise and at rest, t (in min) is the total duration of the effort and M (kg) is the mass of the subject. Aerobic contribution was then expressed in kJ assuming an energy equivalent of 20.9 kJ⋅lO2 -1 .
The O2 equivalent (in ml O2) was obtained according to:
where Lanet represents the difference between the lactate concentration measured at the end of 200 m and the lactate at rest, 2.7 is the energy equivalent (in ml O2⋅mmol -1 ⋅kg -1 ) for lactate accumulation in blood (di Prampero & Ferretti, 1999) . Thus, the anaerobic contribution (in ml O2) was expressed in kJ assuming an energy equivalent of 20.9 kJ⋅l O2 -1 . Lastly, the alactic contribution (AnAl) can be calculated as:
where t is the time duration, τ is the time constant of PCr splitting at work onset (23.4 s, as proposed by Binzoni and colleagues (Binzoni et al., 1992) , and PCr is the phosphocreatine concentration at rest. The energy derived from the utilization of the PCr stores was estimated assuming that, in the transition from rest to exhaustion, the PCr concentration decreases by 18.5 mM⋅kg -1 muscle (wet weight) in a maximally active muscle mass (assumed to correspond to 30% of body mass) (Zamparo et al., 2005) AnAl can be expressed in kJ by assuming (Capelli et al., 1998) a P/O2 ratio of 6.25 and an energy equivalent of 0.468 kJ⋅mM.
Statistical Analysis
The normality of distributions was verified using Shapiro-Wilks tests. Parametric or non-parametric tests were selected accordingly. Mean plus one standard deviation and quartiles were computed for each TP. Data variation was assessed with ANOVA repeated measures followed by the Bonferroni post-hoc test (P≤0.05), or Wilcoxon Signed-Rank Test (P≤0.05), to assess differences between time periods.
RESULTS
Swimming performance
The 200 Figure 3 presents the values of the partial contribution of aerobic (%Aer), anaerobic lactic (%AnL) and anaerobic alactic (%AnAl) energy sources to Etot in the three TPs. Aerobic metabolism was the major contributor representing in 77.67±3.56% (TP1), 79.40±3.63% (TP2) and 78.40±5.54% (TP3) of Etot. Female swimmers showed a non-significant increase in %Aer from TP1-TP2 (3.3%), decrease from TP2-TP3 (-1.3%) and increase from TP1-TP3 (2.0%).
Energetic pathways
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The %AnL had a partial contribution of 9.56±3.58% (TP1), 7.95±2.76% (TP2) and 9.31±4.71% (TP3) for Etot. Results showed a non-significant decrease from TP1-TP2 (−20.0%), an increase from TP2-TP3 (17.1%) and decrease from TP1-TP3 (−6.3%).
The %AnAl was 12.76 ± 1.27% (TP1), 12.65 ± 1.14% (TP2) and 12.30 ±1.48% (TP3). Results showed a non-significant decrease between TP1-TP2 (−4.1%), TP2-TP3 (−2.8%), and TP1-TP3 (−6.7%). 
DISCUSSION
The aim of this study was analyze the changes of performance and energetic profile of female masters swimmers over a season. Female improved their performance over the season. Aerobic metabolism was the major contributor to Etot, followed by anaerobic lactic and anaerobic alactic metabolism.
Swimming performance
Female masters swimmers improved significantly their performance over the season. Performance depends, among others, from energetic profile . However, female swimmers presented a non-significant variation of the partial contribution of the three energy sources which may be due to the characteristics of the training. Thus, may be the exercise intensity and duration of the training was not the sufficient to promote substantial adaptations in the energetic profile of these swimmers.
Total energy expenditure
The increase in Etot observed in female swimmers may be related with the increase in speed (Pendergast et al., 2006) , once a significant improvement of swimming performance, and consequently a increase in swimming velocity, was found. Comparing data for this study with the results of others but with young and elite swimmers (Figueiredo et al., 2011; Sousa et al., 2013) female masters presented lower Etot. Differences between studies may rely on the sample characteristics (male vs. female) and age-group (masters vs. young/elite swimmers).
Partial contribution to total energy
The percentage contributions of %Aer, %AnL and %AnAl obtained in other studies was represented in Table 1 . Aerobic metabolism was the major pathway for Etot whereas alactic metabolism were the second major contributors. The role of aerobic energy system during high intensity exercise was reported by Gastin (2001) and the data of the present study are in agreement with previous studies as well (Capelli et al., 1998; Pendergast et al., 2006; Figueiredo et al., 2011; Sousa et al., 2013) . The increase of the aerobic partial contribution found is likely related to the higher percentage of workout focused on the aerobic capacity at expense of strength, speed, and power (Weir et al., 2002) .
The absence of significant improvement in %AnL and %AnAl can be attributed to the lower anaerobic training load (TP1: 7.19%; TP2: 9.65%; TP3: 8.64%) over the season. Indeed, this is a characteristic reported for training sessions of masters athletes and periodization programs (Eskurza et al., 2002) . Furthermore, the decrease in anaerobic performance may also, be attributed to changes in morphological factors (decreased muscle mass, type II muscle fiber atrophy), muscle contractile property (decreased rate of force development) and biomechanical features (changes in enzyme activity, decreased lactate production), factors that occurred with ageing (Reaburn & Dascombe, 2009 ). The type II fiber uses anaerobic metabolic processes to generate ATP, enabling short contraction time and the ability to produce high tension (Reaburn & Dascombe, 2009) . Therefore, it is expected that female swimmers muscles lose their ability for power strength as a result of the preferential fibers atrophy (Macaluso & Vito, 2004) and lower anaerobic contribution.
The %AnL was lower than those obtained by Capelli et al. (1998), and Pendergast et al. (2006) . With increasing age, anaerobic capacity decreases (Benelli et al., 2007; Donato et al., 2003; Reaburn & Dascombe, 2009 ) and the human skeletal muscle undergoes both structural and functional changes, the most striking of which are the reduction in muscle volume and muscle strength (Faulkner et al., 2007) . Area of muscle mass of old individuals was found to be significantly smaller and the total number of fibers significantly fewer than those of young individuals. The number of fibers seems to have the greater influence on the muscle area. For all age groups average type II fiber size is diminished with age while the size of type I fibers is much less affected, marking short contraction time and the ability to produce high tension, as already mentioned.
The %AnAl values are similar to those obtained by Capelli et al. (1998) , and Sousa et al. (2013) being, however, lower than those of Pendergast et al. (2006) and Figueiredo et al. (2011) . These differences may be attributed to the method of estimation of AnAl. Capelli et al. (1998) considered that PCr concentration decreases, in transition from rest to exhaustion, by 18.5 mM⋅kg -1 muscle (wet weight) in a maximally active muscle mass equal to 30% of the overall body mass (similar to our study), but Figueiredo et al. (2011) found that this value was 27.75 mM⋅kg -1 and assumed the maximally active muscle mass corresponds to 50% of body mass. 
